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Abstract 
Older adults show an increased risk of falling as they age, but dance interventions of 
various genres have been shown to improve postural stability in this population. This study 
investigated the effects of a ten-week beginning ballet intervention on postural stability for older 
adults. Eleven participants enrolled in the Dance Group (DG; 73.3 ±10.6 years) while six 
enrolled in the Control Group (CG; 69.5 ± 11.9 years) via convenience sample. Following the 
intervention, no significant differences were seen within the DG from pre- to post-testing or 
when comparing delta values (post minus pre) between groups in the center of pressure area, 
displacement, or speed (p > 0.05). While no differences were seen with this intervention, the 
ballet barre was used for approximately half of each dance class; future ballet interventions for 
older adults may benefit from training without a barre to enhance potential effects on postural 
stability.  
Keywords: dance training, balance, aging  
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Introduction 
Older adults frequently report difficulty with balance and ambulation, showing an 
increased risk of falling as they age (Alpert et al., 2009; Ferrufino, Bril, Dietrich, Nonaka, & 
Coubard, 2011). Postural stability, which involves the use of skeletal muscles to control the 
position of the body in relation to gravity, declines with age as well, impacting balance and gait 
(Ferrufino et al., 2011; O’Sullivan & Schmitz, 2007). Over time, healthy older adults 
demonstrate a decline in the sensory systems used to maintain postural stability, including 
diminishes in proprioception, visual acuity, vestibular input, and pressure sensations on the base 
of support, all of which contribute to a higher risk and rate of falls (Alexander, 1994; Judge, 
2003; O’Sullivan & Schmitz, 2007; Thelen, Brockmiller, Ashton-Miller, Schultz, & Alexander, 
1998). 
Dance training has been shown to improve physical function and balance in older adults 
(Cepeda, Lodovico, Fowler, & Rodacki, 2015; Judge, 2003; Keogh, Kilding, Pidgeon, Ashley, & 
Gillis 2009). Previous studies have shown improvements in either balance or postural stability 
for older adults following the practice of dance across various disciplines including ballroom 
(Cepeda et al., 2015), contemporary (Ferrufino et al., 2011), creative dance (Cruz-Ferreira, 
Marmeleira, Formigo, Gomes, & Fernandes, 2015), jazz (Alpert et al., 2007), salsa (Granacher et 
al., 2012), and tango (Hackney, Kantorovich, & Earhart, 2007; Sofiandis, Dimitiou, & Hatzitaki, 
2017). Cross-sectional studies have shown that older adults who dance regularly have better 
balance than non-dancers (Dewhurst, Peacock, & Bampouras, 2015; Uusi-Rasi et al., 1999; 
Verghese, 2006; Zhang, Ishikawa-Takata, Yamazaki, Morita, & Ohta, 2008).  
In addition to physical benefits, dance training may have mental and social benefits for 
older adults through positive social interactions in a community setting (Keogh, Kilding, 
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Pidgeon, Ashley, & Gillis 2012). Furthermore, dance interventions have been shown to improve 
health-related quality of life and life satisfaction in older adults (Eyigor, Karapolat, Durmaz, 
Ibisoglu, & Cakir, 2009; Jeon & Choe, 1996; Kattenstroth, Kalisch, Holt, Tegenthoff, & Dinse, 
2013).  
Professional dancers rely more on proprioception and less on visual input to maintain 
balance than non-dancers, which is associated with advanced balance abilities (Golomer, 
Crémieux, Dupui, Isableu, & Ohlmann, 1999; Hutt & Redding, 2014). The ability to rely more 
on proprioception than visual input is a trainable skill; pre-professional ballet dancers who 
participated in a balance training program that targeted proprioception by removing visual input 
showed improved balance (Hutt & Redding, 2014). Proprioceptive input from the legs is the 
primary and most sensitive form of input in detecting postural sway during normal standing and 
is therefore desirable in all populations (Fitzpatrick & McCloskey, 1994). Research suggests that 
professional ballet dancers have the same balance abilities as non-dancers when standing with 
eyes closed, suggesting that ballet dancers in particular rely too heavily on visual input to detect 
postural sway (Costa de Mello, de Sá Ferreira, & Felicio, 2017; Hugel, Cadopi, Kohler, & Perrin, 
1999). However, professional ballet dancers show superior balance abilities with eyes open than 
non-dancers, even in positions with a reduced base of support (Costa de Mello et al., 2017).  
Classical ballet technique requires advanced postural control in order to execute its 
complex static and dynamic movements (Costa de Mello et al., 2017). Despite the inherent 
postural control required in the practice of classical ballet and the success of other dance 
interventions for older adults (Keogh et al., 2009), classical ballet interventions for older adults 
have been underrepresented in the literature. Thus, the purpose of this study was to examine 
changes in older adults’ postural stability following exposure to a beginning ballet dance 
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program. It was hypothesized that significantly reduced postural sway, and therefore improved 
postural stability, would be observed following ten weeks of ballet technique training.  
 
Methods 
Subject Characteristics 
Healthy adults who were at least 55 years of age, were independent with activities of 
daily living, and had never participated in dance training were enrolled for this study through a 
convenience sample (Table 1); an intake form was used to assess if participants met these 
inclusion criteria. Exclusion criteria included active participation in a physical therapy program 
with the goal of improving functional mobility, using a walking aide regularly, and/or diagnosis 
of cardiovascular or neurological disease. Participants were not excluded if they had a pacemaker 
if they had been cleared by a physician as a ‘no restrictions’ status for physical activity as 
indicated on the required intake form. Participants in the Dance Group were also excluded if 
more than five of the ballet classes were missed during the 10-week program. 
Assignment to either Dance Group (DG; n = 11, 10 female, 1 male) or Control Group 
(CG; n = 6, 5 female, 1 male) was determined by the individuals themselves based on their desire 
to participate in the ballet classes. Participants were recruited via posters around a college 
campus, at a local senior center, and at an independent living community. This study was 
approved by the college’s Institutional Review Board, and all participants provided written 
informed consent prior to any testing.   
 
Dance Intervention: Beginning Ballet Classes 
 6 
One-hour ballet classes were held twice per week for 10 weeks in the dance theater of a 
collegiate dance department. Unlike in most ballet studios, no mirrors were present to promote 
proprioceptive balance training and limit reliance on visual input. An undergraduate dance 
student served as the lead teacher for the dance classes and was assisted by at least one additional 
undergraduate dance student at each class. The lead teacher worked alongside a dance professor/ 
physical therapist to determine the curriculum for the dance classes. Attendance was taken at the 
start of every class. 
Each ballet class started with approximately 30 minutes of warm-up exercises while 
holding onto the ballet barre, then progressed towards doing exercises in the center (standing 
unsupported) as is the typical progression in a ballet class (Figure 1). Participants were taught the 
basic positions and combinations used in ballet, including but not limited to: plié, tendu, degagé, 
rond de jambe, chassé, pas de bourrée, glissade, and reverence.  
 
Assessments of Postural Stability 
Postural stability was assessed prior to the first ballet class and again after the final class 
of the intervention. A static standing position was maintained for 30 seconds in two conditions: a 
bilateral stance with eyes open (EO) and a bilateral stance with eyes closed (EC). Participants 
were given 15 seconds of rest between each trial, with two trials completed in each condition.  
While force plates are considered the gold standard for assessing postural stability, the 
use of a Wii Balance Board (WBB) alongside specialized balance software is a more affordable 
option which has high reliability and validity for use in scientific research (Clark et al., 2010; 
Weaver, Ma, & Laing, 2017; Zakeri, Jamebozorgi, & Kahlaee, 2017). A WBB was used in 
 7 
conjunction with BrainBLoX software (Cooper, Siegfried, & Ahmed, 2014) to track and record 
movements of the center of pressure (CoP) throughout the postural stability assessments. 
During each trial, the CoP’s position was monitored continuously and recorded to gain 
information about postural sway as determined by the CoP’s mean and maximal movements 
including displacement and speed. Five measures of postural stability were examined during 
each 30-second trial: the area traveled by the CoP, the CoP displacement in the x- and y-planes, 
and the absolute value of the average speed of the CoP in the x- and y-planes. Decreased postural 
sway, as indicated by decreases in area, displacement, and/or speed in any direction, would 
indicate an improved ability in controlling the positions of the body to maintain stability and 
therefore improved postural stability (O’Sullivan & Schmitz, 2007).  
 
Statistical Analysis 
Non-parametric Wilcoxon signed ranks tests were used to compare values at baseline and 
post-testing within each group. Non-parametric Mann Whitney U tests were used to analyze the 
delta (post minus pre) values in order to compare changes in postural stability over time between 
groups. All analyses were completed using SPSS Version 25.0 (IBM Corp, 2017). Significance 
for all tests was determined at !=0.05.  
 
Results 
No significant differences were found when comparing the delta values for the five 
measures of postural stability in the EO and EC conditions between the CG and DG (Table 2). 
Similarly, no significant differences were found when comparing baseline to post-testing values 
within each group in the EO condition. For the EC condition, the CG displayed a decrease of 
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7.29 mm in x displacement from pre- to post-testing (p = 0.028), and the DG displayed an 
increase in |x Speed| by 0.04 mm/s (p = 0.041); no other significant differences in postural 
stability were found in the EC condition. Members of the DG were absent from an average of 
3.17 (± 2.12) of the ballet classes.  
 
Discussion 
No significant differences in postural stability were found from pre- to post-testing within 
a group of older adults participating in classical ballet training and when compared to a healthy 
control group. While a few significant differences were observed between values at baseline and 
post-intervention, these findings appear to be anomalies and do not support the previous 
literature (Keogh et al., 2009) or the hypothesis that postural stability would improve in older 
adults following classical ballet training. 
This intervention had a unique aspect in its dance training in comparison to previous 
dance intervention studies: the use of the ballet barre (Keogh et al., 2009). Unlike other concert 
dance interventions that saw subsequent improvements in postural stability (Alpert et al., 2009; 
Ferrufino et al., 2011), participants in this study held onto the ballet barre for approximately half 
of their dancing time in each class. While exercises were crafted to be more challenging 
throughout the intervention and progressed from holding onto the barre with both hands to one 
hand, a considerable portion of each ballet class was performed with the support of the barre. 
This portion of these ballet classes may have interfered with the proprioceptive aspect of balance 
training. While professional and pre-professional ballet dancers do show better balance skills 
than non-dancers, they also train extensively without holding onto the barre both in technique 
classes and in performing repertoire (Costa de Mello et al., 2007). Additionally, pre-professional 
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ballet dancers have been shown to rely heavily on visual cues to maintain postural stability, 
which may be due to the presence of mirrors in ballet studios (Hutt & Redding, 2014). The ballet 
classes in this intervention took place in a dance theater without mirrors, which may have 
influenced visual input for the participants. Challenging the sensory systems used to maintain 
postural stability and specifically focusing on proprioceptive input may yield different results for 
older adults participating in an intervention of classical ballet training.   
While possible psychological benefits were not assessed as a part of this study, this 
intervention attempted to create an environment in which older adults had positive social 
interactions and felt a part of a community. Dance programs, even more so than other group 
exercise programs, have been shown to promote positive social interactions and form this unique 
sense of community for older adult participants (Keogh et al., 2012). In the present study, 
participants were compliant with the intervention as demonstrated by their high attendance rates. 
While exercise programs for older adults are often plagued with poor attendance and program 
adherence (Mittaz Hager et al., 2019), participants maintained good attendance throughout this 
intervention, demonstrating some evidence that participants may have enjoyed the experience.   
 
Limitations 
While no significant changes in postural stability were observed following this ballet 
class intervention, the small sample size and different sized CG and DG may have impacted the 
results of this study and increased the variability of results. Participants in the current study were 
predominately female, so larger sample sizes with more male participants enrolled are 
recommended for future studies. Additionally, a convenience sample was used for this study, and 
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participants who are likely to enroll in dance training programs may be more likely to engage in 
other healthy practices, which limits the generalizability of these results (Alpert et al., 2009).  
 
Recommendations for Future Research 
 Future ballet interventions for older adults that aim to enhance postural stability may 
benefit from performing most, if not all, of the exercises in the center of the room as opposed to 
using a ballet barre. While following the standard progression of exercises found in ballet 
classes, participants could all stand in a circle to complete these exercises, increasing 
proprioceptive input while reinforcing the dance class community and social benefits of dance 
training. Furthermore, comparisons between classical ballet interventions and other balance 
training programs for older adults may lead to a deeper understanding of interventions to 
enhance postural stability. Continued research may benefit from specific evaluation of the 
physical, social, and emotional aspects of exercise programs that appeal to older adults, 
encourage adherence, and enhance overall functional mobility.  
 
Conclusions 
 No significant changes were seen in postural stability for older adults who participated in 
ten weeks of classical ballet training, as the use of the ballet barre may have inhibited 
improvements in proprioception and postural stability. However, high attendance rates indicate 
good overall program compliance. Future classical ballet interventions for older adults may 
benefit from increasing dancing time in the center to increase proprioceptive input and encourage 
improved postural stability.   
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Table 1  Mean (± standard deviation) age, height, weight, and BMI of participants in the control 
(n = 6) and dance (n = 11) groups; means were compared using two-tailed non-parametric Mann-
Whitney U tests.  
Group Control Dance P value 
Age (years) 69.5 (±11.9) 73.3 (±10.6) 0.512 
Height (cm) 167.64 (±12.44) 163.25 (±5.60) 0.579 
Weight (kg) 72.20 (±13.05) 69.30 (±17.41) 0.365 
BMI (kg/m2) 25.82 (±4.91) 26.04 (±6.45) 0.841 
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Figure 1  Outline of the beginning ballet class intervention utilized in this study.  
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Table 2  Mean (± standard deviation) pre, post, and delta (post minus pre) area, displacement in the x- and y-directions, and absolute 
values of speed in the x- and y-directions during EO and EC trials compared both within groups between the CG and DG.  
Measure Trial Group Pre SD Post SD p valuea Delta SD p valueb 
Area EO Control 0.05 ±0.02 0.05 ±0.02 0.345 0.00 ±0.00 0.301 
(mm2)  Dance 0.05 ±0.03 0.05 ±0.02 0.657 0.00 ±0.02  
 EC Control 0.07 ±0.03 0.09 ±0.14 0.600 0.03 ±0.12 0.808 
  Dance 0.08 ±0.05 0.07 ±0.03 0.594 -0.01 ±0.04  
xDisplacement EO Control 22.75 ±8.91 21.79 ±13.14 0.463 -0.96 ±15.46 0.733 
(mm)  Dance 17.51 ±7.59 17.71 ±7.35 0.859 0.20 ±7.96  
 EC Control 23.60 ±5.21 16.31 ±8.77 0.028* -7.29 ±8.11 0.180 
  Dance 17.91 ±9.04 17.86 ±8.46 1.000 -0.05 ±7.79  
yDisplacement EO Control 27.66 ±4.54 24.44 ±3.35 0.249 -3.22 ±5.94 0.301 
(mm)  Dance 23.61 ±6.21 23.38 ±5.23 0.790 -0.23 ±7.92  
 EC Control 31.85 ±4.98 28.05 ±15.27 0.345 -3.79 ±15.24 0.180 
  Dance 29.49 ±8.57 27.11 ±7.96 0.328 -2.38 ±7.79  
|xSpeed| EO Control 0.68 ±0.46 0.98 ±0.76 0.249 0.30 ±0.55 0.660 
(mm/s)  Dance 0.57 ±0.39 0.64 ±0.41 0.722 0.08 ±0.64  
 EC Control 0.65 ±0.49 0.66 ±0.54 0.917 0.01 ±0.80 0.256 
  Dance 0.37 ±0.41 0.85 ±0.63 0.041* 0.48 ±0.71  
|ySpeed| EO Control 0.71 ±0.33 0.65 ±0.83 0.753 -0.05 ±0.80 0.660 
(mm/s)  Dance 0.57 ±0.69 0.49 ±0.35 0.859 -0.08 ±0.82  
 EC Control 0.98 ±0.78 0.81 ±0.73 0.753 -0.16 ±0.64 0.404 
  Dance 0.70 ±0.60 0.80 ±0.68 0.534 0.09 ±0.72  
 
a Non-parametric Wilcoxon signed ranks test comparing pre/post within group 
b Non-parametric Mann-Whitney U tests comparing delta values between groups 
Asterisk (*) indicates statistical significance (p < 0.05) 
